This study attempts to understand the role of ICTs on adoption of climate change adaption options among the Nepalese rice farmers, using data from 773 households from seven districts-3 from Terai region and 4 from hilly region. Individual Farmer's Awareness Index was developed to categorize the respondent knowledge of climate change adaptation and Ordered Logit Model was used to examine the factors influencing their adaptation options in present of ICTs. The result revealed that 65% farmers perceived knowledge about temperature, rainfall and other relative information from various ICT devices that they pose. Farmers received such information mostly from Radio (71%), TV (69%) and mobile phone (62.5%) and argued these three devices are the most prominent, easy access and practical devices to receive such information. 86% farmers used such devices on the daily basis and 90% and more users opined that the information provided from such devices is in their own language and fully understandable. From ICT devices they pose, 71% of the farmers are receiving climate change information and 61% received agro-related information and the majority of them argued that such available information is very much informative and supportive of their resilience to climate change and use of available adaptation options. From the Farmers Awareness Index, this study found 19.8% farmers are high aware, 65.1% medium aware and 15.1% were less aware of the changing climate and its anomalies. Similarly, result from Ordered Logit Model shows that age (0
Background
With the recognition of climate change as a serious concern since the 1980s, research on climate change and its adaptive measures in the agricultural sector has been a core topic for the agro-scientists, economists and policy makers [1] . The concept of climate change adaptation-an adjustment to decrease the vulnerability of agriculture to climate change, has been popularized and is now widely accepted from grass root level to the policy level [2] [3] . Several studies have already been conducted to gauge climate change adaptation and its impact, consequences and remedies in sectors including agriculture and rice production from macro to micro level, as well as world to regional level. However, further development, exploration and explanation of the issue are still going on.
Rice is one of the major crops to feed the world's growing population, and over a longer time, it has fed more people than any other crop [4] [5] . Most of the rice is grown and consumed in Asia, from Pakistan in the west to Japan in the east [5] . Rice is the primary staple food and the most important crop in South Asia. It ranks first in Nepal in terms of area, production and its contribution to livelihoods [6] . Rice contributes significantly to food security. Its consumption in Nepal is 79.9 kg of milled rice per person per year [3] [7] .
While rice is very important to people's livelihoods, its production is already under pressure. From the demand side, it is population growth, while on the supply side, further exposure to natural pressure through climate change (CC) is having marked impacts [8] . In addition, CC brings several new challenges. Many studies, including the Intergovernmental Panel on Climate Change (IPCC) observed that the net cereal production in South Asian countries is projected to decline at least between 4% and 10% by the end of this century under the most conservative climate change scenario [2] . A similar report shows that rice production in Asia could decline by 3.8% by the end of the 21st century and in Nepal, production of rice might drop by 4.2% by 2060 [9] . To cope with such possible negative impacts, adaptation can be one of the better options [3] . Given this background, it is necessary to examine the status of adaptation options in economic and social systems so as to help inform future actions.
Numerous studies have been undertaken in South Asia on the effects of CC on rice production and adaptation [1] The remaining part of the paper is organized in four sections. In the next section, literature review is discussed which is followed by materials and methods used, then the results of the study, discussion of key issues and finally concluding remarks.
Literature Review
ICT has revolutionized the whole world and its growth over the last decades has been phenomenal [13] [20] . ICT includes knowledge centers, community radio, mobile phones and interaction media [21] . The use of ICTs and their applications is getting more attention across the world, with the recognition that they are efficient tools for promoting economic growth and sustainable development [21] [22] . [12] argues ICT plays an important role in improving the availability of market information and agricultural development particularly in developing countries. Many environmental studies include ICT in their study to detangle the problem of environment and changing climate [21] .
In recent years, many environmental studies have tried to establish a relationship between ICTs and agricultural production including rice [13] [22] . Linking knowledge to innovation is crucial in addressing information and knowledge gaps in the agriculture sector [20] . The role of ICTs is applicable to adaptation in all sectors. As [15] stated that up to date information through ICT allows farmers to survive and even benefit from the changes and challenges. In this context, ICTs can play an important role in climate change monitoring and adaptation. However, as [30] mentioned that the application of ICTs in CC mitigation and adaptation domain is still missing to a large extent.
[31] states that ICT has been deployed in agriculture in several countries, notably India, Pakistan and Uganda but the greatest success seems to have been in India. In his study [32] mentioned that while people are enjoying the opportunity brought about by ICTs in the era of Globalization, farmers in Bangladesh are still enjoying traditional methods. In such developing countries where traditional farming method are the norm, continuous efforts are required to motivate farmers to adopt ICT for application in their farming and business operations.
Already, some mobile phone applications (apps) have been developed and applied in Nepal; they provide information to the farmers regarding prices and other information. However, these apps have limited information and cover only negligible farmers.
ICTs have been shown to increase incomes in the agriculture sector. With the growing mobile, wireless and internet industries, ICT have been found to have a positive effect on livelihoods, even among poor smallholder farmers [15] . Investment in ICTs has been found to be positively correlated with country's GDP [33] . [20] in his study observed that the increasing use of mobile phone for in- ICT adoption and use in agriculture will enable the development of strategies to promote their increased use and effectiveness [24] . On the other side, farmer's perception of the role of ICTs in disseminating agricultural information is important in their adoption and use [34] . In a nutshell, ICT can also play a very important role in bridging the information gap in the agricultural sector.
Given this background, it is necessary to understand the role of ICTs in agricultural production processes, their availability, and how farmers' perceive them.
While this is important, it is noteworthy to highlight that there has been limited study on the potential role that ICTs can play in addressing climate change among rice farmers in South Asia. Actually, no study in this regard has been done in the Nepalese context. For some of the studies that have been undertaken in South Asia that tried to explore the application of ICTs in agriculture and climate change, these have many limitations including methodological issues and data problems. Therefore, the present study attempts to cover this gap.
Materials and Methods

The Basic Model
Since better adaptation options can help to achieve sustainable livelihoods and mitigate the problem of climate change, these should be promoted and popularized through ventilating the proper information to the farmers on time by various measures [10] . However, the decision on whether or not to adapt any adaptation option depends upon the general framework of utility and profit maximi-
. It is assumed that a rational farmer uses adaptation methods only when the net benefit from using such a method is significantly greater than in the case without it [11] . Thus, this study uses the production and profit maximization approaches to test the hypothesis.
The basic model can be written as:
In Equation (1) 
where, F is the cumulative distribution function of i u . The regression parameter β and the ( )
are obtained by maximiz-ing the log-likelihood and can be shown as:
It is important to realize that there are two models that are classified as or- This study will use the ordered logit model following [37] and [38] .
First, this study calculates farmers awareness index. [39] assessed farmers' knowledge about pest management in Srilanka by separating farmers into three groups i.e. low, moderate and high level of knowledge based on knowledge scale.
With the three different values that we will be derived from three different groups, the application of the ordered logit model is suitable for this study, as discussed earlier which is the regression model with an ordinal dependent variable. The null hypothesis for this study is that ICTs do not play significant role in the adoption of climate change adaptation options among rural rice producing farmers in Nepal. Table 1 . 
Calculation of Farmers Awareness Index
Study Area and Data
Result and Discussion
Knowledge about ICT Devices
Information is considered as most crucial factor to acquire knowledge and ICT is its pillar [14] [43] [44] . The availability of more information enhances the adaptive capacity of farmers [45] . Sound and timely information provides a concrete pathway for successful adaptation by the rice farmers. Farmers' having information from ICT devices indicates that they have knowledge about such devices [46] . It is observed that 65% of farmers in study area perceived knowledge about temperature, rainfall and other related information from the various ICT devices. Farmers received information from various ICT devices as follows, 71% from radio, 69% from TV and 62.5% from mobile phone as depicted in Table 2 . However, most of them argued that Radio (44%), TV (43%) and mobile phone (39%) are the most prominent, pertaining and popular ICT devices to get sources of information. Other ICT sources like internet, agro-magazine, poster and social network were rarely used by the farmers.
One of the important reasons for this, could be that the farmers are situated in rural area where both access and awareness about such technology is comparatively less when compared to urban people. Farmers also mentioned that the conveyed information is understandable as it is available in simplest form and in 1 Since rice cultivation practice on mountain belt is very rare and typically different from the study area. Similarly, the rice cultivation period, cultivation techniques and adoption of adaptation options differ from the remaining two belts. the National language (i.e. Nepali). 93% of the respondents argued that they received such information in their own language and 91% of them opined that they understood such information completely. However, some of the women who belong to special tribe of Terai region seemed to have problem in such understanding as they do not understand national language properly.
Access and Use of ICT Devices
Having ICT access allows farmers to get information in a timely and convenient way, which helps them to react with suitable actions to the problem they encounter. Access to several ICTs is generally not widely available in the country.
Farmers in the different rice production system such as irrigation and rainfed are aware of the issue regarding climate change and will often ascribe change in farm productivity to changes in temperature and rainfall patterns. However, the nature of climate variation depends on how people perceive climate change and variability.
The impact of climate change depends on the vulnerability of rice production to changes in temperature and rainfall, and the magnitude of impacts varies between irrigated to rainfed systems. The impact can be negative if change in the climate results in high temperature, low rainfall, occurrence of floods, low crop yields and so on. These impacts determine what adaptation options (short-term or long-term adaptations) farmers should take to protect themselves from the effect of climate change and variability. Adaptation options for rice production include selecting short duration crop varieties, planting drought resident crops, crop diversification, use of chemical fertilizer, irrigation, changing nursery date, changing the plant date and so on.
Though there are bulks of adaptation options available to cope with climate induced vulnerability in the country, farmers do not behave irrationally while choosing adaptation options available in the market. It depends upon the knowledge and information they do have regarding adaptation options. We assume that the more information they have regarding climate change and its impact, the more would be their adaptive capacity. Information and communication helps farmers to know the timing. Among the devices mobile phone (84%) was the most accessed ICTs among the rural farmers, followed by Radio and TV (both 53%). Rest of the ICT access is insignificant compared to these three ICTs.
Farmers preferred radio (47%), TV (42%) and mobile phone (32%) in acquiring information and knowledge related to rice farming. Only 10% farmers depended on agriculture extension services for that purpose. Rice farmers' capacity to afford mentioned ICT devices was found to be higher i.e. 70% in study area. Similarly, 67% of the respondents highlighted that they afforded to repair their ICT devices in case of breakdown.
The actual use of ICT devices is another important aspect among farmers in
Nepal. This study found that 86% of the respondents could use their ICT device with easiness. This was identified more in eastern, central and western part of the country and less in far-western part. Similarly, 90% respondent mentioned that they used such device on a daily basis. It is noteworthy to point out that some farmers are less educated and less techno-friendly, which can present challenges on the adoption of the devices. Thus, all farmers who can afford the ICTs may not be able to use them appropriately, which implies that in some cases, the devices might not be very useful to the farmers when they fail to fully utilise the capabilities of the devices to get the much needed information even though they might have access to the devices.
Agriculture and Climate Related Information Transmission through ICT Devices
Farmers have to make several decisions during their farming activities. Two most important things for farmers to cope with the changing climate are:
whether they receive climate change and agricultural information; and if they received it, to what extent and its relevance to their situation. This study shows two third of the respondents were receiving information related to climate change and agriculture. They received information on heat, cold, extreme events, drought and other agricultural information, which they regarded as very helpful for their awareness and better farming practices. 60% of that farmers stated that such availed information through ICTs, is very much informative and necessary for enabling their resilience and adaptation to climate change.
Result of Farmers Awareness Index for Different Districts
As highlighted earlier, a farmers' awareness index based on 12 questions was prepared, and the results are presented in Table 3 . Based on the calculation, this availability of subsidy, access to TV were found to be significant at 1% level in Table 4 . This indicates that those variables had a strongly influenced the farmers' adaptation since it is strongly associated either positively or negatively with farmers awareness index. Similarly, gender, agriculture extension services, access to road and access to social network are statistically significant at 5% level of significance. Likewise, market center is significant at 10% level of significance.
This result supports our hypothesis that the high farmers awareness leads to a higher motivation to adopt. Robust standard errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1.
Among the significant variable, 9 out of 10 variables show positive sign which
indicates that when such variables increase, the farmers awareness is also likely to increase. This can in turn lead to an increased adoption of adaptation options by the farmers. Only one variable i.e. farming experience shows negative sign, which implies that with the several years of farm experience, farmers might adopt less adaptation options in their farming practices. Such farmers might be less flexible and would rather maintain the farming methods they are used to, which might no longer be sustainable in the face of climate change.
Concluding Remarks
As ICTs are increasingly being used, their progressive and positive role in the development of the agricultural sector especially among Nepalese rice farmers is becoming evident. We observed that the majority of farmers accessed information about climate change from ICT devices; the most common ICTs are TV, Radio and Mobile Phone. More than 90% of farm households stated that they fully understood the information that is conveyed through various ICT devices, which is helping them to cope with the changing climate. Rice farmers are adapting according to the information they received. The Farmers Awareness index revealed that 58.5% of the farmers were in the high awareness category, and 33% were in the medium awareness, while 8.5% were less aware of climate change. The Ordered Logit Model explained that factors like age, gender, market center, bank access, availability of subsidy, agro-extension services, access to TV, and member of social network played a great role in enhancing the rural rice farmers' awareness of climate change. Greater awareness can enhance the adaptive capacity of farmers. In a nutshell, this study revealed that ICTs are important and are increasingly being used by farmers for various purposes. ICTs were found to provide timely information to the rural farmers which helped them to adapt. This calls on the government together with other stakeholders to further promote access and use of ICTs, especially among rural farmers. Timely and successful dissemination and application of relevant information through ICTs can help to reduce the vulnerability of farming households, which can further promote food security, better livelihoods, and enhance their overall wellbeing.
